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«5 (54) Title: SEMICONDUCTOR TEST INSTRUMENT 
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A. .. CLOCK 

I. .. DEVICE UNDER TEST 

B. . .OUTPUT DATA 
10... LSI TESTER 

II. ..LEVEL COMPARATOR 

C. .. STROBE 1 

22.. .DELAY CIRCUIT 
20...TIME INTERPOLATOR 



23... EDGE SELECTOR 

E...EDGE SELECT SIGNAL 

28... ENCODER 

30... SELECTOR 

F . EXPECTED VALUE 

12... PATTERN COMPARATOR 

40... TIME INTERPOLATOR PATH 

D... STROBE 2 



(57) Abstract: Output data from a DUT (device under test) is acquired at the edge timings of the rise and fall of a clock outputted 
from the DUT, and the output data from a DDR device is taken in synchronously with a clock- A test instrument comprises a clock- 
side time interpolator (20) that receives a clock from a DUT (1), takes in the clock at the timings of strobes fed at predetermined 
timing intervals, and outputs the clock as time-series level data, a data-side time interpolator (20) that receives the output data from 
the DUT (1), takes in the output data at the timings of strobes fed at predetermined timing intervals, and outputs the output data as 
time-series level data, and an edge selector (30) that selects a piece of the time-series level data acquired by the time interpolator (20) 
and selectively outputs the level data indicating the edge(s) of the rise and/or fall of the selected piece of the time-series level data. 
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5 ®MftW 

j*«lt, mm&nm?su x<D&&&mfe?z¥mim,m.mm\zmv. mz, 

mz<r—? U-b£lsT?Uy? (D±L%±tf K> t&t>TtfQ Oily vTf-^ 
15 m^7 D D Rlf/H X 3ft¥*{miffe&*fcNrr §o 

HRfcu ¥##7WX(Di£&£fT3¥S#t£gfc^g (LS If^^) fck IS 
Bbtf&t&SflS&lfc-TVX-f X (DUT: Device Under Test) ' fcj9r^(D|£MA 0 ^— > 

®^«fc¥2IM«ttlfc£1t (LS I fX^) ©*W&*j**^:/ny^BTfcS. 
25 RIig»Cw-r«fc5 fc, t*©L SlfX^llOU ttKEfc^A-f 7, lOlOffl 

^^-^$jt$fem/EE^i/^;nti^Ts^;un>ni/-^ i i i t, «tt»5Vt 
-rx i o i©ffl^^-^^ms©^#Mi:Jt^-r^A o ^->it^i 1 2, *K 

^f/H7 1 0 lOffi^T-^S^^f $>^/^->Jtlfe^l 1 2 Id A 
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i o l^sw^^nfeffl^-^tt^j^^/iw-^i i i^A*$n*. 
5 $n> 7D^yi 2 lKwajsn*. 

f-^tl/T§^$^ i^U^^^'f 5 >^ffi^©7 h D-7^^ n 7 

7iftbT> mfe<D&'( s.>trvmi)7 : -*&titf)-2nz>o 

yxjyZf- 7D^7l 2 lj^&ffiTJ^fcttlTJT*— *fck /^->J*883l 1 
tl, l»f/H^l 0 1 (D&m (Pass/Fai 1 ) ©$Jj&&*fTfc>n5. 
S>^"CUt^$nS«fc'5C^:oT*0> ClOXhD— Zfomtl&'l 

# & n& t -5 ran*** o fee 
mm (a) k^-t^k:* ^M^;N*-rxotB^^— ^ia*«ieH©wrcs?y 

25 Ji4T^0x> r 7) ^tf^^tC&S. tot, 

#^-^£H^X hn-^T^D^tr<h, (b) t^-r«fc-5t^ 09;JLfc£,' 
mti^-fll (190 (a) ) ©*&fcttlR^5*--*fci: "H" tteZifi, 
rttJ73^-^2j (ff§9® (b) ) (Dm-Brlzte "V ifeoTl*5. 

30 **3-T»-5T-^^y^O«»l:«fcoTga(iUTb*^, IEJ*fctOfe, ¥U 
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DDR (Double Data Rate) \i» &2Uy2m^<D&%±±W3LyVt.3L%~T 
5 ^DX-/^©5K^T<D^-1'a>^'Tx— ^^SlSrff S^T, #Py *GD:&-fe±J&* 
Di>r^ (X«3t^T^OX-/>?) ©^Tt- ^SSStSfr "5 SDR (Single 
Data Rate) #5££J£^T\ f%C#ny9^#)VT?2m<DT—*1fcmtii**Sni2 

10 $e.fc, ^o«fc'5Ja:@^l-P-^CcfcS«e*©ftttftSiBT?«, ^AM'Xgfr 

5^AIllM>^-7x-XtbTai$n5 TRapldlOj (&MHlt) ^ 
THyperTranportj «k DWJWaaOTTH^^/t-f X 

15 *«WI38$nTVi«5 (mtfl BM*fc§g<£>#:#j rpowerPCj ftttCP 

mmv?^ 5. >^tu*f"^^ o asm* cit^s, n ©aox/M x £ie 

*^n*^Py^«#oa:^±3&«»Dxu/>?, jt^T^Dxyi?, xttSr5±j&*?> 
30 :*-;*iiig&*ffi*..5c:£T, m^^-^^M-rxco^^^^i^pbfeM^^ 
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10 A;fcU c:©ffl*^~^*-S©^<5>^WHi*W-rs«*©^hP-^«J: 
— ^ £ A^T £ H tic J; 0 , fc— ©*-f A< >^-^ l/-^ fcX^^ns^ a y 

t#s b#^j© ^ & Aft b , m§ m U"*;^— ^ ©&•£ ±# Qi>r^ 

&^/x^T^^X7 i?cx7 >^-r s >^&^r i^;^-^ *aj?wt 

Ul*t5X7^t!/^^$i^SMtlT*5, 

25 ^©-ess. fc>x, ^©^Py^xy^^^^Tw^io*--^ 
&i&#x#5 d t d , mwzwvuT-? **Kifr5W ^©m^-x-^ 

-^i/-^^^ixm^c©x hP-^Tm#^n^B#m^J©l/^;i/^-^Sr, & 



WO 2004/057354 



PCT/JP2003/016218 



5 

5 #fc> tfUyV ©:&■£ _t/^ DX7 3t"£T#* DXy 5?<Dffl5<DJLy 

^ >^T{±}^^-^ £I& D&tf d Z. tT, S D R^©^ e>TD D 

R;#3$;©5Vvr X K fe^*t5 CI £ .J; 3 \Zt£Z>o 

10 ©*«££*£ ns;i£:fc:<. #K^E*^t«ws*s#* Jit ^"Jti 

tjfe d , <Kr»wjsjS'ffc$nfcDD r^#^;w z,<D&mmwt vx&nx&& a 

©3?-r a-t >^-#i/— ^^6m^$n^P#^j(^w;i/^^ ; &A^T^)Ci<h 

15 ^-rn^ni— <D#^&^>*—tfu—*izAt>zn2>!7uyt7&m$iVT, m& 

■ &rcs *&w<D¥mimwimm\t. m^<ommmsyM^zmm.t^^v\z. m& 

^$n^B#^JCDl/^;i/^-^^A^-r^cii:^J:D, ©^-TA-f # 
l/-^tX**nS^Dy^OIy^'f 5 >^T^H§— ©^-T A-T # 
1/— ^ \ZX*ll£nZ> #Uytr 41JRUT«tt«f;H70^ P vVf—Z £ bT 

ci©j:5^«^6^5*»w©¥#<*«^iifcJ;n^ n-©^ A-r > 

30 ^tC^ViTBt^J©W;i/^^tbT^#^n§^^/t-r7,© 
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A# u TOfA'fxroi' □ y £ £A* UTM^n^nt^J© i/^;^—^ 

^ , X«3!if&±^ DX7 T** 0X7 >?&jjct* WV c f—$%:}ftt}'tZ> 
20 ^/^X<D^Dy^(DX7^^^^>^^^T^^^>^-7 i --^^^'fbbT 

30 ^^-ri/^;vx— ^, 3i^WDx-/^^-ri/^;^—37, x^±^ox 
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y ^-fe u# t> sns *xji u mm^M x©tH^- 

©sterna t^a©0miEiK©*steffl**A*-r«s— ©and — © 

JiiJ^HISS©#SfetB^ £3fcgfc©)B#lEli&©RIEffi# ^A*t5I-0AN D |§|& 

^-©ANDIeIi^R^ORIlIj^©ffi^©V^n^$jl^t-§irW^^<h^^^:^, 
10 -Xtt=^±©-feU^^lsIK^&^S*^c^bT»S. 

-f >^-# ^$nfc^^J0 l/^f-iJ' ^ §i LT, fgX 

©^-r m a^v— ^SA^nsPt^j©^;^— #©-5^ — ©^ 

15 MilTS^. 

mx©^®^*, at*©»5ffl^9^fci3irr5<fc'5t» sn— ©*^r 

20 ^«tbT^5. 

5IyS^l/^^*ttrfR-, f&X©*>f A-f fttffc-. SgX 

©jiiR[Ug§£, JHJ^®!®^>S®®g§, x>zi-^, -feW?*, ANDHJS&, OR 

£fc> c:©«k'5?&:#l^©y-A->'>^n^xiBl»fc«kntf, H$c©Jig#®J&© 
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15 Tig—, ©a^EiKtso^tTx^-rsjit^T*, mao^py^sm 

20 frMg'&cDiS^LS I ^X^^H^-T^^t^T^^o 

n— ©^-r a-t >37-^i/-^ tn— ©^-r a-t >^-^w-^ 

<D9-^ y^Mzmm.rrtt x©^ d y ^m^-^ £#j o ##5 c £#*pJti 
30 cicD<fca tcisi— ffij&frzuzv-x^>?n^xmffizffi%_%z\£-e, 
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10 £2 Hi*. S D RloM 

15 (a) totttfe-fe-htfOXyS?, (b) 'WA"5T#t>XyS?, (c) ttSr&-h**?> 
afrx/W XlOi'Dy^OX^WS > if* 3^ ±** DX7 ^Tffi^J-x— & £ 

y ^rm^-^ &w.%-rzm&<Dm tit, ^#«^^>^^ 

25 »5rA-r^, l o^n7^©i>rW ^ >^£:&^±a*9;&tf5£^T5&*D©Wx 

fg 7 mt, ?Uy?<DT.y >M£ffi£liuX-/ i?ttfflt«5Xy S^lftWCtf 5 
©avafcjR-rffiNtHT, (a) ttfflxysaftffi, (b) tt«5l»;i?«H10l^ 
30 =£il/Tl^. 
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ft 8 mt, ^©fiMtltOM^St^D y $ ®T&&o 

ft 9 Htt, ^©^#sofcs«ic^^««^x/t^x©m*7 i --^*^-r 

immT»&Q. (a) \mi2 1 r--9<D 9 Jy9&> (b) tt5>y*K:<J;»5Be»5*- 

5 

X 1 ©«ffiftfilfe*ff O LSIf^lO £iI3.T33 D, LSIfX^lO ifiWR 

€®»i#iT-^ tjttt-rs c: tie j; o , mm^u^k^u x i ©&s£¥U5rr 

±5£bfc TRapidlOj ^ THyperTranportj (gftfifR) ^£&fflL 

feLS • '>XtA$pc i;u^e> rRapidioj \zWfet%lvfo<r>7 

R-SDRAM©J;5^ DDRiOf/HXTM^n^ui^^o DDR 
(Double Data Rate) &#Qy^{i^<£3rk_b3&$0Xy y^T^OXy 

(X^T^DX^^) cD^T^-^^iH^ff 5SDR (Single Data Rate) 

30 "€-L/T, ^mmmm^\t, tostttfcf/Hxi^&ttiAsns^Dy^sii 
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20 ^UT, #y-7 > ^»^P^HIS^^ gl0fcwt<k5l:, ^Py^M, ffi 
^-^fifltfe. -?-n^n^-O»fiJci:^:oT*0, Jtr&WKte, l^;i/P> 
/^-^llt, /^->Jt«£»12. ^<A^>^-#l/-^20RU5t^ 

u^;vp 1 1 Kt, ttttaft^/t-r^. i p >y^x« 

30 ^A-f>^-^i/-^2oii, ft^T/H^i^eai^^ns^D^^x 
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y° • 7Uy72 1 a~2 lnt, iiMle!S§2 2, Xy^-fel"*^ 2 3Rt*X>3 

'J^'7n^2 1a~2 1nH *HJS^T«M^J^^$n 
fcD!7 iJy7 , -7D*; ^3^6*: 0 , ^tl^tl W^Un >Al/-^ 1 1 Sr^L 

fete. W&oyy*) yy° • 7Uy"?2 1 a~2 1 ncD— #g<D7U • 

7°2 1 att^oaiffifflT, msztrr3-fci/^3 otc«x#s^©^u^y- -70 

7 7°2 1b~2 1 nODffi7J-r-^^A73$n^o 

1 5 *mmnm<oy vy?- 7uyy2i &~2in &M><Dm?®&* mzit, ? y 

3 L \Z£.-DXffijfc?2>Z\ii1sX%%o ZW&^ZZ'f M >&—i£V—* 2 0 ©HI 

&i»5*AW Xl)4^07n y ffirtx-* £— J£® ^ >£f WBraMt- 
yuy~7°2 1 a~2 ln^yfOtt, £©J;5fciai&«/£T*'3T'bmv>. 

mmmm 2 2 \t. — ^©^-r ^ >^raBRTiis§£i*;fc:;* h p-^*«tis©7 u 

7D77°2 1 a~2 1 nO^Dy^CJRUAU SR7'J ^7- 7 
Dy72 1a~2 1 n^e»B#^iJ©l/^;i/T ? -^SrtH7J$i§:§o 
25 uuT, «l«C07Uyy- 7D^7*2 1 a~2 1 ri<D&RXfmmm&2 2 ©31 

30 #&m*\ZWL7£V&, ab&^SLS I Cfe^JS^tttfeoT^S. 
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10 TV><5<htel&£>-r\ 0!l;Lfe£> -fey h7y^ • A :/ 

^ n y ^MttB^r- ^fliJ^T^n^nSft e>i*£ £ £ C «fc 0 , m%m<D&z>y 

uyy tmti7 : -?\zm®fc?'i s.>tf-cxbu-y~&mijztiz>&-5\zmB'? 

15 X>y^tl/^^2 3ft 7 iJ • 7 D 2 1 a~ 2 1 & tB*^n§8f 

JMfctfJKteU *^Jfi^JH©X-/^-fe^^2 3«> -®(DAND|Elg§2 4, 2 
20 5 t, -^0C7)OR111S§2 6, RtfHHO'fel'*^ 2 7 ^£>&£"fel^^[Hl8&i¥^ 
7'J77°'7n77 a 2 1a~2 1 nCDffi^^JtBbT«»:fflr^.&nTViS. 

fg-<DAND[US§2 4 (24a~24n) fj£ 1 ^fc^TJ:? \Z, W&<Dy 
U 7077"2 1 a~2 1 n(D-5^©— ©y'U yuyy° 1 

a) ©K«5ai*t^a©7Uy^- 7Q*;7 (FU^.^2 1 b) £>#Kfeffi2j£A 
25 #T SANDmg&Tf&S. <DANDIMgS2 4©tB^^, &Uy#<D3L% 

l^OlyV (Rise Edge) *w*T SDRffl0l/^l/f- ^ tbTjl^^ns. 

fg-<£>ANDHie&2 5 (2 5 a~25n) tt, |g 1 SfC^cf £5 fc, M©7 
U^T"- 70^7°2 1 a~2 1 n©5^O-07U 7D*;7 (0*J;U;£2 1 

a) ©*Rtem*t^a©7Uy^« 7Dy7 (Wttf2 l b) ©Sfeffi^SrA 
30 2rT5AND|Hl&T&5. JlOjg— ©AND®B»2 5 ^Oy^<£>£r£ 
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Ttf*DXy5? (Fall Edge) ^tSDRffl©^f-^^bTM^n5. 

ORH1S&2 6 (2 6 a~26n) H 1 ElC^TJ:? fc, %— ]RZJ^X©A 
ND05S2 4, 2 5©tfi#£A#t*£OR[Elgre&£ 0 £.©ORHHE&2 6©tti;£j 
j&t, 27P«/£©ft"5±j&*0 Rtf££TJ&*!)©5R#©Xy^ (Both Edge) 
5 DDRfflOKJl'T-^tl/Tl^^nS. 

•fel/^^2 7 (2 7a~2 7n) 1 SlC^I - ^ fc, H — ©AND®S§ 

2 4, |g-<DANDlHlK2 5RrXORlHlK2 6©*ffl*SA*U, XyS^feW? 

10 £©£5&Xy v-fcl/^ 2 3&flM.SE£fc«fc0 v 7<J^7 P ' 7Uy?2 1 
a~2 1 n$jl»bTltCD7 hn- ^T^SnSP^?!!©^;!/^— ^ffiXti 
ZtlZt, •fel/^^2 7a-2 7n©SWfc«fcO» (DS§ — © AND[eIS§ 2 4© 
<:Sr£±#BXry$?©^ : Rise Edge) , (Dlj§x©ANDlElS& 2 5 ©ffi* 
(5W9X7^®^ : Fall Edge) , (|)ORIeIS§2 6©fcB;fr (itfe-L^OR 
15 oy£-6T^055D&©Xy^ : Both Edge) , <D^~?tLfrtfmntsnxmtJ-£n. 
WZftfz l/^l/r-^*%fX7 5 >^S©X>3-^ 2 8 

7 • 7D^72 1 a~2 1 n©ffi7J©5%> -®7U ■ 7 U y 7 t.&8i<D7 
20 >J y7 • 7Py:/©ffi7j£A#t"5<fc5K:&oT^5©'r, tl/^^27a~2 
7 nTS4R£nTffi7j£n5I^;i/^-^teU 7'J y7« :7Py:/2 1 a~2 1 

nA>sm^$n5M;pf-^<tD 1 if^ h^^^f-^t^. 09*. 5 

i©7'Jy7- 70^/7°2 1 a~2 1 e^e> 5 tf-y h^Ol/^l/T 2 — ^^ttJTJ^ 
n^J©^ I>r7tl/7^2 3T« aWStlSl^U?*— ^«4ffl©-feU# 

25 ^ 2 7 a~2 7 dS^bTtb7J$n§4lf-/ hOf- 

tot, JLyiS-tU?? 2 3lZWi?i.*>nZ>&m$&, Tfet)t>, % — ©AND® 
g§24a~24n, ©ANDtUgg 2 5 a~ 2 5 n, OR|hIS§ 2 6 a~ 2 6 n, 
•fel^^2 7 a~2 7 n©2TO, ^n-6n, 7U y7° • 7Uy?2 1 a~2 1 n 
cfcDfe—O^V^ (l~n-H®) <h&£ 0 

30 X>3-y2 8«, ytl/7^ 2 3 Olt©tt/7^ 2 7 a~2 7 n^e> 
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10 8^\ it©7'J 77° • 7Dy7°2 1 a~2 1 n*^ffl*$n5H»^ 

7°-7D77"2 1a~2 1 n^StBTJ^nSI^^J©^^-^^ itSHzl' 
^#JTteXyvHrl/^2 3tX>3-^2 8 te&ffl^n&V^ £K&3 0 

^ot, m*7 i -^M©^-rA-r>^-^i/-^2 ofcoiiT«, *mm& 

2 3Rt*X>3-^2 8 ^#0§i"^ JL t^aiT?**. 
ill/^^3 Ote> a»07Uy7*' 70»;7'2 1 a~2 1 n^C>ffi7a$n^B# 

20 SA*t « t K<fc o , MlT;Kxi©7Dyi7©X7 

y ■ 7Dyy©5"6SJ»iffiffl©7Uy^- 7D77°2 1 a^<7Uy7*- 7n 
25 y:/2 1 b~2 1 nCD*ffi73*«iaSf»iW!Snsa:t'bC -few? hte^JSHPfctt 

■ebT, fflAT-^lCtl/^^SOCtt, fll*T-^I07U7 7''7n7 
721a~21 n^e>m^$tl§P#^^JcOl/^;l/^-^^, Is/$?t^^2 3 

30 ^ • AX 4 0 ©WWfc: J: 0 > # P y ^#J<DX>P-^ 2 8 TWfbSnfcBSr^J 
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>$—#V-$ 2 7D>^2 1 a~2 1 n#&tti*3n<5P**ai 

^->jt^§§i 2^tH73^n, /x^->jt«»i 2imiM(D9mmtttMt£tL. 

10 — 7j> ^D7^i©t^^ 3 Oldte, ^ny^«©7'J^7 s '7D77°2 1 
a~2 1 n^^liitl^n^>m^\(DU^)^—^^ Xy^-teU^ 2 3RlfX 

C.nK:<fcD, 7O>y7ffi©tl/7^3 0m H^fyH7s l©7Dy7t 
I/— ^ 2 0 fc^TlfcJ&ai©^;^— l/Tt#$n5i^r;HX 1 <D 

20 -fel/^^3 0£^bTffi7J$tl£^ny^— — >Jt8S& 1 2 TBfJt 

© SB^Hi i: Jt*rr & c t anr # 5 . 

oT^O, BfM©-fel/^^3 0«Tt§i^fc^oT^§. 
25 JMfcWKfck ffiTJ?*— *fflJ©"fe W?* 3 0 *ffifflUT, tttOftTWX 1 <D& 

IT, i7Dy^iOX>3-^2 8 bTffl73fl!l©-fe 1^ 

mi 2) \z&mznu^z\£\zfcz> 0 
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fciu KH^tlSOT^'f M >^-#I/-^ 2 0 ^60ffiAfit*«U?Wl!: 
10 MPT* 

?Lte£^ o y /7#J©x>n— y 2 8 ©{f n y Z&mztmJj'r— ?M<D& J £ U 
15 fiJDtfttSCl^T^S^ fcafcSBfcbTOiFLffite, ffigHt&SUb^Jli:^ 

20 If lO^'f A-f >^-4^ U-^ • /U 4 0 }t mtJ7 £ -?M<D&?--r>*)V 
(V/— A^>^D^-XHISS) O-fel/^^ 3 0<D±.U? hiSft^07^©X> 
3-^2 8(Dm^^^7,-<^^^bT^bT*3D, ffi^-^M©^ 

25 ^10T«ia^^#H§bT^^>^ ttgfcfflf*. £>n&y— D^X 

Sifc. ^-m<D^>^)V<D±.U^^ 3 0lC^ay^fflX>3- ^2 8 ©{f # 
30 ^-OflJffifctJev^ ^if^fflt§ifcfi?)X<7f&ON/OFFI«t 
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5 t, mji^-zmommotuz? 3 o tx^f ^>;ii:^T#^o 

10 atfui^t^. 

15 ^LT, miTr-Z 1 J fc^wrfci: r^py^ l j ©^-T^>^ 

20 p y ^ i j ©^-r s r# p # i j ©flr^fcttautx— ^ £ bxmt# 

mz. sk±<d& o tmmfrzu&*nmmm\z&z*mfcu,mmw<DW}mz-o 
30 =&v— x-»^p^-x[Hiie§^A^$nfe^p^^s.t;m*5 i — ^n^ti. 
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$—i$V—5r 2 0 \Z\t}Zn2> e 

te, £f\ »gI$nfclt(D7U>>^ • 7D^^2 1 a~2 1 nCA*^ 
a~2 1 n©£ny mm®$&2 2te«fcoT— 3£©^-f 5>^rai«-e 

10 *LT, ^Dy^iLSIfX^lOTH 7U77°-7ay7 1 2 1a~2 1 

ly SMll/^^ 2 3 tAASnfcU^T-^lt IS— , I-©ANDHII^2 
4, 2 5&tfOR|gB&2 6^l/TS»C§-feW^^2 7 a~2 7nl:AA$n, 

^(D-fel/^^2 7 a~2 7 n3^6ffl:fr£n& W^l/^-^te, Slk^f- 

X)<DJKjSQ>3-yV (OR®&2 6<DtB7j) , ©HTn**©^ ^ >^&jS*TW* 
20 ;^-^tbTtB73$n§, 

H<&Xy$Mzl^*2 3T?®#$nfc^^T-^^ X>3-^2 8 tAA 
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—75, mtiy : -^m<D'J-x>'>^ui-7,m^^ 7»J^-7n^2i 
a~2 1 nT^#^nfeB#^J©l/^;l/x-^«, ID»«ffl©7Uy^ r - 7D>; 
~?2 1 a * &Rfcwr, 3 0 iZXtl^-? tVTXJltEtl 

»t/^X1 (Pass/Fai 1 ) ©*ITO#frfc>n5. 

-T&fotS, tl/^^ 3 0 Otli^ti^li^-ttn^P a s sO^, =F 
15 —Wt<Di%&\Z\$F a i 1 ©*UJ&&*T$n* C 

££>IC, ^Py^^iJ©V-X->>^D^-XtlIS&T?^ 7'Jy7 , '7ny7 , 2 1 
a~2 1 nTI#$nfc^ny^OWJ0l/^VT-^^ *JWHtffl©7Uy 
70s/7'2 1 aOj- ^£B£^T> -?-©i;2;#Dy &M<D±Ut7? 3 0 fcA 

#^-^<hbTA7j£n&o 

20 fbT, ^Dy^|iJOt^^3 0m ^D7^IJ©X>3-^2 8^e.A 

25 >Jt*fe»l 2lCA7rf SdtT, £7 p y 9<Dm&Q>Wft&T'-9 £tiMTZ> Z\ t 
§S, ^— &*)»ffi*X?#. mmTMXlCD&g (Pass/Fai 1) ©¥UJg 

30 £TF, fg2l3~3!8ig£#BgbT, *#W^*fi^*Bi^*r5. 
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1 © ^ p y ^ ±jfi t> CDX y -f 5 > ^TttJTJ 7 s — ^ £&#T SW^OD* 
5 Tffi^^-^S^r^Wlf^S^-r^BIT, SDRlOf;W7l;o^T^D 

# 1/-^ 2 0 k:-en-?n*D»3Mffl©7 U77°-7Dyy2la *^tr 5ffl(D7 U 
y:/- 7ny72 1 a~2 1 e**<tA6nSttt>tC, Xs/S*feW^2 3t4 
10 {®C7>fel/^|on» (^-©AND|US&2 4a~2 4d, £§X<DAND[Hg&2 5 
a~2 5d, ORIUii&2 6 a~2 6 izUZ? 2 7 a~ 2 7 d) ^H*.<btl3 

SMfyH x i ^ b ^ D -7 ^ R^tB* t-^ a, 

3fl#Hfiffi<Z>:7U y^- 7D»;7'2 1 a£|&< 4fl©7'J s/7°- 7Dy72 1 b~ 

2 1 etk*7 hSfc "4" ©l/^T-^tbTM^ns. 

15 ^LT> h'-yhit "4" Offi^T-^fflWi'^l'f-^^ ^Dy^#]CDX 
yvHrI/^2 3©M--0ANDIsIg&2 4 a~2 4 d b.^?? 2 7 a~2 7 d 
&«TtfJ**n*lfy h«C "4" ©^□^^©I/^T-^tCckoTlXfl^n 

&2BI (a) tHttHtr/^^l^SIHASnsi'a 
20 "L" ^e, "H" l;^§3i^±^0 ©XyviS^f 5 >^t:*7 hie "0 

~3" © "1" ©ffcfiT?ifc£©fc*fU ffi*7^-^te "L" "H" \Z1ZZ> 
m^Vtfcfoto* 4 hm. "0" ©fitt^oT^§ (PHH©*»SB 

o 

25 0 ®IDMfflSli<7Uy7'-7a77'2 1b~2 1el:j;!3, m^"0 1 
1 1" (tfs/ h§£ "1" "H" ) ©i^i/^-^anfcwsn, £© 

^-a7^tx>y^-fel/i7^2 3fcA2j$n5. 

yitf'fS.ytf (Rise Edge) j&sS&StU »-OAND|lI»2 4*«T4ffl© 
30 . -fel/^^2 7 a~2 7 d^l^^x— ^^ATJ^tlS t> -feU^2 7a~2 7 
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dfr&te "1 0 0 0" (tfy hm. "1" (DtiLWfrZ "H" ) ^m-ru^o^- 
fit, Z.<DV^)V?-$ " 1 0 0 0" ^tx>n-^2 8^0:DH^ YWi 

"i" ^^-r^-r^>^v-^ (m«"ooi n ) ^^b$n^>o 

5 &*5, ^D>7^©3£S±^DX-/^Tj;V^^ High" 

"mmfrzmm^v low" x^>Hzi/^2 3© 

10 tT7U • 70^/^2 1 a~2 1 d, l7'7tV7^2 3, X>3-^2 8 0 
Hi^cDlB^^-ri^lO.fc^^^^o 
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IOSi{fiffl^l^<^U^y • 7D77'2 1 b~2 1 efcckD, ^J^.« "111 

i" (t'7 ht "o" ©&«^e> "h" ) v>v^)W—*? ^utr#^n, £ 

-fei/^^3 ot«, ^o^^»ex^$n^^{f-^ ( "0 0 1" ) JC^D. 
20 e^hic "i" ^^-r^ATj^cD^-^^tR^n^o -ti/^ 

^3 0^£>tB7j£n&^-^te "H" tfcZo 
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te/&©^a->wt>h$: "2" (D&mtii.^ mm<D±$mfr) „ fox, 

io "oooi" (tfy "3" ©tee^e, "h" ) ©i/^;i/x-^^mf#$n, 

©ANDiHS§2 4SrMT-fek^^ 2 7 a~2 7 d \Z U^JVy 2 — ^ffiXti^n. 

"oooi" (tfy b^c "3" (D&g^e. "h" ) (Du^T-ptfrntitsn 

15 fU, dCDl/^l/x-^ "0 0 0 1 " ^x>n— ^2 8 My b$k 

"3" ^^-r^-r5>^x-^ (fd^^ "oil") izft^ik-znz mim 
m#x-^teu m^jx-^#j^-r A-r ^ 2 0 <D®mmm&m< y 

V y 7° - y a y y° 2 l b ~ 2 1 e \Z& D , WXU "0011" ( tf y hgfe 
20 "2" CD&«^£> "H" ) ©l/^;i/x-^^#^n, Z.<D?-&j)^ ±uy 

?uyy-mfrt>\-t}-&tiz>m$imn ( "o 1 1" ) t^D, t> "3" t 
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fcfcfc "H" /TO#£n> ^20 (b) CD*^fctt "L" #flM*Sft, 

15 uy ? tmti^-^^m^-vrn^m^z^ n\zmwfe$k&wnTz>z\Ltf 

Dy^2 1 b~2 1 e©fcfy b& "4" ©ffi^T 5 — l^;^-^, ^ 
20 Dy^fljCDXy^-feV'^ 2 3<£>fg— (DANDER 2 5 a~2 5 ditl^^^2 
7 a~2 7 d£^Tffl#£n<5tfy h$C "4" <7)^ P y *©W*;lo*— ?\Z& 
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la~2 1d, 3Ly5?±V7*2 3, X>3— ^ 2 8 ©m^CDH«*^-rt*4 
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Z>m&\Zh, X.yiS±V77 2 3^e.ffl^J$tlS WV?— *r£St&±J&*DXy 

10 fbt, ^Dy^(iD4^Oiy^iWQXyi;©jR*0^5>^ 
• *rm*7*— ^**#-T**&K:tt» 7ay9M(DX.y^±U77 2 3<DORm^ 
2 6a~2 6dHJ;oT, fgx© AND HISS 2 4, 2 5©ffi«6n§ 

15 [XyS?-fel^^©iiD#] 

Xy5? (HE (a) ) , XftA^DXyi? (ftBI (b) ) , X«3tt>Jt;W 
Rtttt6T*«0Xu;i? (IrIIEI (c) ) © 310 fc«0lfctTffl#5*-*&3mT 
20 S»-&©ffi-^|gT?**. fcfc, fg3EHc^T0ira*> JS2BTj^b&3£MM££ 
HHK tfy« "4" OXhn-^Tm^^-^Sr^t-S^^Jd^oT^S 
7hU-7(D\iy hgcteffitte^TC^S £ t.\~mo ^Tfc&^o 
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^Ttii*T-^$Mt§i^lCH X'r7tl/^^2 30tl/i7^2 7a~2 
7n0ljRf^Di^.T, fg-©AND®g&2 4 £>m#£jilliRt-£ (Edge 
Sel=Rise Edge) „ 

5 ©^±^«9X-/^(D^-r5>^T^#$n^Cia:fc^:§o f3i (a) 

0!JTte, HM^Btetiy h$C "0~3" © "1" <D&8©^-f ^>^T> 

2-y-^^;i/g«tf^ h^: "2" ©fei©^^s>^TtBAT-^^i$n, 

10 ^Ttli^T-^^r#t5i^ttt, I7yt^^2 3 0tl/^3'2 7a~2 
7 n©jl^t-^£#JD#;lT, m-<DAND®'8&2 5(Dmt)%miR~?Z> (Edge 
Sel=Fall Ecjge) „ 

15 l+M^;i/@tefc:y Mfc "0~3" <2 "1" OteSO^-l' ^ >^T> 

>#\z&t>ikT. 130 (a) \zttM&£VbXhn-7<Dm±>&-1 ~i>sf* 
20 SS^itTV^. 

(D^OJLy 5 >^UJ^f-^ : £Mt5i^fcft Xy v>-fc 1/^7 ^ 2 

3<DtU9#2 7 a~2 7 n©jg^{g#&«D#^LT, ORHJ8&2 6 Officii 
iR-r^> (Edge Sel=Both Edge) . 

IH3EI (c) ^-r^>JT«> l^<^;i/@«^D^^<D5i^±^{9x^^Ttf^ 
h# "0-3" (7) "1" £>*-f $>^T, 2it-f^;Vg«3iST^DX^>?7? 
tfy MR "1" Offii©^"< 5 ^^THJ^T-^jWRft* ns. 
30 RAtlC, 3^<^;i/Stt^Py^©i^±^9X^>?Tlf-/ hie "2" <7)^ 
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-f==>^T> 4lM£;i'gte&^T#DXy^Tlf y hm. "2" (DtiLmtof-i 
5>«*f-^»$n§, untCJctK DDRlT;HXOtil7JT-^ 

&4b\ 130 (c) ^-r^J-e«, DDRO^ttC'&btT, 7.hD-^<D 
5 tB^^iC^SDR©*^- (^3® (a) , (b) 0 2«ClT$5. 

[SDRMMfO 

»4HH S D RSOtMfAM 7 1 D 7 ^ ©x 
10 tfy hife "0-7" ©8 bfy h07hD-^Tffl 

£t\ £40 (a) \Z^T^\Z, 2Uv2tf]EmzWlftVT^Z>m&, ±j& 
b&ak*:S&fe<fclTOfc (I20W3i (a) #i0 , tttttfcTW* 1 OtB 
15 Jjt*—?}** SWf/HX 1 o -^Oi^l^o iy ^o^-f 5 >m 

^snsnite&s. ^4 in (a) t^-r^jT«> ii^-r^;i/g«tfy h^c 

"0-7" <D "1" co^B<D^-r$>yT, 2lM*;W@ttlfy hSc "2" © 
20 (b) , (c) \Z^T£5\Zt£& a 

f4gi (b) ^-Tck^^ ^Dy^AJW ^;wtfricTnxu*ofe 

3©IU*H "Ir^ftl/" "ALLO" 

, X>3 — ?2 8\t7)l>X5--)\s (t-A-7D-) ©it^tl/ 
25 ^ 3 OOa^^tbTtB^i"*. 

(b) fci^JTIi Ste±#0Xy$*j^#T?*fcV>2lM*;i'Bfck 
7;i/7^tbTMf>yh "7" ©fit ^ >^tH7JT-^ W 

Stl, *8*SMit<BJfc«EW: "5 (Fa i 1) " £f£Z>o 

mWz, 2Uy 2 )V&Z\zrnx\s$L^tzM&\Z\&, £40 (c) 

30 \Z^~T<ko\Z. 2V4 9)\'B^\t#Uy&<D&%±ifi0^y5?im.ftZtlt3LK<D 
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5 ^#<ii<h©Jt^^fT , 5e:<h^<-*^ "5 (Fail) " tlMtS^ifcT 

10 IB.hlWl^tCtTfcn^o 
[DDRf¥»f£] 

^•^1©^D7^ <DiL% ±Jfi K> RZ£iL%TW X> ©MX y ^ >^Tffi^5 :? -' 

15 ?&m%~t&m€><Dmnm-T?. &5mtet7ny?\zmwmrf&z>m&, ^6H« 

stt»f/^7 1 <D2 u v $ izMmmmfeznT^z>M&\z\t, m 5 miz^ 
25 fzm&izte, zuv 2?-$ &m%VTMwmtim-rz>z\t\z < kK), mti^- 

*?\ JJI5EI (a) IZtk-F&oIZ, 2 Uy 2?-&timW<? Uy 2 <D±L 

30 y^*«IE*^»fPUTViS«-&, Jl©i7ny^Ofl3^flt^d;*2pU3tttSfc 
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(Pass) " t.t£%><Dx\ ttiti7-?<Dmntffft>nz> 0 
^Dx>> ^s-ti^^^T^ 0x7 vows®*, y ^ < s >tf~em%t£ nz> z.t\z 

^;H©4WDX7^tt>, fcfy h^C "0~3" © "1" <E>&fi<E> 

io "i" ^ieoD^<^>^Tm^5 :J -^^#$n> #imi£j£3&£ti&o 

(b) , (c) \Zm~?£5lZ. ?ny2?-?fimmt7ny?(DX.yz/?^ S.> 

tf-?m%-t£ti, znyzmvmwi&tkmzn, 7F&&®Litizn%z\t\ztsLZ> 0 

3rf, ^50 (b) \Z^ir^o\Z. zuyZifi*^ ^ffflcmTb^ofc 
£\ #ny#©&^Ta*0&S&5K"rtfy b8c "2" ©filT^ny^Cf- 
SfiJ^©^« (Fa i 1) " tt£&o 
20 -So #n-/#©&^±#0&«&7^rtfy hiC "1" ©tgT^D 

A5*lJtCD***tt (Fail) " ttzZ. 

tot, z\(Dm^\z mij^-ffimnzn&ztfcK "s (Fai 
i) " tsHisesfts 

25 — ^Dy^*ta|£-tJ->r^;i^5Jci"nTU*ofc«'&fc:«, i5i (c) 

;i/tUT*»ify h "3" of tt^ n ©r-^= l W^n, ^ny 
ail)" 

30 4if<^;i/gT^^D^^®^ny^©^±^0x^v ? ^f#$n, 
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Sf"J^O^m« "§ (Fail) " <h&3. 

fox, m*x-*jWR#$ftsc:£&< "§ (Fain - 
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fj§6El (a) fei?Uy&tfiEmzW}ftlsT^2>m^ (b) IWDy^m 
<^;Hfl:tnTb*ofc*^ (c) \Z?u y V)V&*> KrrnTL 

15 

#p«lIII&£l§*.5c:<hK:J;?K t^T/HXl*6ai*^^D>^^ 
T&£Xy>^-r S.>if&7K-?%(D-V&Z>o lot, ^D-^OX«rW 

25 A-r ^ 2 0 fr^viT^ox ho— ^T^#$n^^^j<Di/^;i/ 

30 P y # ©X y v 5 ^ -f 5 > ^tlil^T- * £H D 21 1 «Jtl £ fc * . 
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pJUg fc D , ttte*JMb3 nfc DDR ^m^/U X ©Klfc&fifcjf? 51 1 ft % o 

(a) ttiJly^lii, (b) 

15 ^^UTV^o 

±a!bfe^J6^«lT^bfcMxy^tHTfeoT s b> 0 (b) 

\Ztf? «fc "5 X y safcffiT* o T , ^Dy^ ©flffM©X y ^ -f 5 > 

30 ^^^©i^i^-^LTEtftbT, WiUm.'fn^ 7.(0^^—9^, m 
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2. ^— (D^^A^^^-^lz-^^Sffi^^n^Bt^JOl/^l/^-^^A^ 
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t bxai^-r^m— ©^-r a-t >^-^ ^ 

5 d t \Z& K) , £>*-f A-f >^-^ l/-^k:A27 ^Py^OXy ^ 

30 ^^AMXO^Dy^^-^tUTm^TS^XO^IUgS^, 
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— 5fe©£"f 5 >^mRrpjU£**fcx h o-:7&t«©w!qg»K:ir^Art u 

X © ^ D y 2 £ AJ] b TM $ n £ P#m?"J© l^Jlo*— ?<D, ?L% ±.-m Ox^y 

x5/s?-fe^^6(ii*sn« v^)Vr— ^ £ a*j b , ttEttifrx w xo^d 

15 -y^0i-rW 5 >*f*7frt*<i 5 >^f-^^ftbTtB*tl)X>3- 

5. fg— ©^A-r >^-#w- 

fe^xA^A^e»m*^nsm*x-^^A^§^©mj?iiii6S<h, 
©iothi i m^tm 2 to«c©^s#:^^«o 

25 ^©JiimiHl^^ffi^^n^^^J^b-^l/^-^^A^b, SattK^/Vf 
7>©ffi#^-^£A:*3 VTW%-£nZ>\$%km<D WVr—& ©, iLt>±& DXy 

x s^-fe i/ ^ ^ ^ e> hj^j $ n& i^wx— ^ * a# b , mm&n^ x ©m;fr 

30 T-^OXy^'f 5. ^-f 5 >^T-^t^bbTttl^t5X>3 
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7. ZLyzttU&ffc. 

Ifl 6 ^IBmcD^^K^ao 
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